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ABSTRACT
We study the interaction of cosmic rays (CRs) with the diffuse circumgalactic gas of Milky Way
(MW) galaxy that results in hadronic γ−ray emission and radio synchrotron emission. We aim to
constrain the CR population in our circumgalactic medium (CGM) with the help of observed isotropic
γ-ray background (IGRB) and radio continuum. We modify different models of CGM gas in hydrostatic
equilibrium discussed in literature by including a cosmic ray population, parametrized by η ≡ PCR/Pth.
For the simplest isothermal model, the IGRB only allows η . 1. On the other hand, the precipitation
model, in which the cooling of the CGM gas is regulated with an optimum ratio of cooling time to
free-fall time, the IGRB allows η . 230. There is a small forbidden range near η ∼ 1 that can be
circumvented by changing boundary conditions. We also discuss the importance of anisotropy in γ-ray
emission from CGM because of the Solar system’s off-center position in the MW, and this consideration
may pose problems for models of CR dominated CGM even when flux limit is satisfied. The radio
continuum limits η . 400 for precipitation model and does not constrain isothermal model, however
these constraints are mitigated by synchrotron loss time being comparable to CR diffusion time scales.
These bounds are relevant for current numerical simulations that indicate a significant CR population
in CGM of galaxies of MW mass.
Keywords: Galactic cosmic rays, Milky Way Galaxy physics, Circumgalactic medium, Radio continuum
emission, Diffuse radiation, Gamma-rays
1. INTRODUCTION
Recent numerical simulations have indicated that
galactic outflows in Milky Way-type galaxies can pop-
ulate the CGM with cosmic rays (CRs). Galactic out-
flows are likely to contain CR particles, either acceler-
ated in the disk and then advected outwards, or pro-
duced by shock acceleration in the outflow. Once these
CRs are lifted to the CGM, they would diffuse through-
out the halo. Some of the high energy CRs may diffuse
out into the intergalactic medium, but most of the CRs
would remain in the CGM. For a diffusion coefficient
of D(E) ≈ 2 × 1029 cm2 s−1 E1/3GeV (Berezinsky et al.
1997), and a virial radius of the MW ≈ 260 kpc, CRs
with E . 1.8 GeV would be contained in the CGM as
their escape time-scale is greater than the age of the
Universe. For a shorter and more relevant time scale,
the corresponding limit of CR energy would be higher.
Corresponding author: Ranita Jana
ranita@rri.res.in
One of the observational implications of having a CR
population at large in the CGM is hadronic interaction
of CRs with CGM gas and subsequent γ-ray production
through pion decay. Feldmann et al. (2013) estimated
the γ-ray luminosity of the CGM by solving the trans-
port equation for CRs and assuming a star formation
history of MW. They found that the γ-ray flux from the
CGM would provide ≈ 3%–10% of the total IGRB flux.
They did not, however, consider any violent processes
such as galactic outflows produced by star formation
processes. Similarly, Liu et al. (2019) used IGRB flux
at ≤ 1 TeV to put important limits on CR luminosity
(≤ 1041 erg s−1) of MW . In a related simulation, Chan
et al. (2019) constrained the average CR diffusivity with
observed γ-ray (> GeV) emission from galaxies. They
have found that for dwarf and L∗ galaxies, a constant
isotropic diffusion coefficient of order ∼ 3×1029 cm2 s−1
can explain the observed relation between γ−ray lumi-
nosity and star formation rate. However, they did not
compare with synchrotron observations.
In this Letter, we ask a related but different question,
as to the degree that CRs can dominate the energy bud-
get of the MW CGM, without violating the γ-ray and
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radio background limits. This is important in the con-
text of recent galactic outflow simulations, which depict
a picture of the CGM that it may even be dominated by
CRs (Butsky & Quinn 2018; Dashyan & Dubois 2020;
Hopkins et al. 2020). It is also claimed that feedback
efficiency of the outflowing gas increases in presence of
CRs, by an increase in mass loading and suppression in
star formation rate. Butsky & Quinn (2018) and Hop-
kins et al. (2020) found that this effect is dependent on
the ratio of CR pressure to thermal pressure (which we
denote here by η ≡ PCR/Pth) in the CGM. Hence it is
necessary to constrain the value of η using observational
limits.
For example, while simulating a MW-sized galaxy
with different CR transport prescriptions, Butsky &
Quinn (2018) found that η can exceed the value 10 over
a large portion of the halo, even extending to ∼ 100
kpc for certain models (see their Fig. 10). Dashyan
& Dubois (2020) simulated smaller galaxies, with virial
mass 1010 and 1011 M, and found that η can have a
value ∼ 100 within central 3 kpc (their Fig. 1). Ji et al.
(2019) have found that at redshift z . 1 outflows in
MW-mass galaxies can populate the halos with CR and
as a result η ≈ 10, although, in warm regions (T & 105
K), locally η may have a value less than or comparable
to 1.
We use the IGRB as observed by Fermi-LAT to con-
strain the CR population in our halo. While protons in
CR population produce γ-rays, CR electrons in CGM
emit synchrotron radiation in the presence of magnetic
field. In this regard, we can use the result of Subrah-
manyan & Cowsik (2013) to constrain CR population
who calculated the maximum synchrotron flux that can
arise from MW. They showed that a careful modelling
of the Galactic components can explain the anisotropic
part of the background emission as observed in AR-
CADE balloon observations by Fixsen et al. (2011).
This gives an upper limit to the radio frequency emission
that can possibly come from CR electron population in
an extended halo of our galaxy. We use different density
and temperature profiles that have been used in the lit-
erature to model the CGM and put bounds on the CR
population in the halo.
2. DENSITY AND TEMPERATURE PROFILES
We assume for analytical tractability that CGM gas
is in hydrostatic equilibrium in the dark matter poten-
tial of the MW. Such models have been recently studied
in order to explain the observations of several ions as
absorption lines in the lines of sight through the CGM.
In order to explore the γ-ray production implications,
we study three illustrative examples of these models:
i) Isothermal model (IT), ii) Precipitation model (PP),
and (iii) Isentropic model (IE).
The underlying dark matter potential in all these
models is assumed to be that of Navarro-Frenk-White
(NFW) profile (Navarro et al. 1997), although in some
cases we assume a variation of this profile. In the mod-
ified version of NFW potential, we assume that the cir-
cular velocity vc is constant (= vc,max) below a radius
2.163 rs, where rs is the scaling radius, as suggested by
Voit (2019). We assume a virial mass Mvir = 2 × 1012
M (Bland-Hawthorn & Gerhard 2016), with a concen-
tration parameter c = 10. When we modify the temper-
ature and density profile by including the non-thermal
components, magnetic pressure and CR pressure, we en-
sure that the total CGM gas mass remains the same.
Because of this constraint, the inclusion of a CR pop-
ulation in the CGM suppresses gas pressure, by sup-
pressing the gas temperature, as has been also noted in
the simulations, e.g, (Hopkins et al. 2020). The magen-
tic energy is assumed to be in equipartition with the
thermal energy (i.e. Pmag = 0.5Pth) in the CGM in
absence of any observational constraint. The question
of magnetic field strength in the CGM is yet to be ob-
servationally settled. On one hand, Bernet et al. (2008)
have detected magnetic field in the CGM of galaxies
(at z ∼ 1.3) of comparable strength or larger than that
in disks of present-day galaxies. On the other hand,
Prochaska et al. (2019) have found in the sightline of a
Fast Radio Burst that the magnetic field in the CGM
of a massive galaxy is less than the equipartition value.
In the absence of any definitive answer, we assume an
equipartition magnetic field strength, and calculate the
synchrotron flux from CR population in the CGM. In
other words, Ptot = Pth + Pmag + PCR = Pth(1.5 + η).
Below we describe the changes wrought upon by the in-
troduction of CR population in different models.
In the isothermal model, the temperature of the CGM
gas is held uniform, and has been extensively used for its
simplicity (eg. Fang et al. 2013). The observed temper-
ature of massive halos (Mvir ≥ 1012 M) (Li et al. 2015),
and that of MW (Miller & Bregman 2015) is ≥ 2× 106
K. In the absence of CR and magnetic field, we assume
a uniform CGM temperature of 2×106 K. According to
the isothermal model of Miller & Bregman 2015, the hot
gas mass in CGM is within a range of (2.7–4.7) × 1010
M. We therefore initialize our density and tempera-
ture profiles such that the CGM contains this amount of
mass. In Fig. 1, we show the density, temperature and
pressure profiles of IT model with dashed green (η = 0)
and solid green (η = 1) lines. The shaded region with
the same colour between the dashed (or solid) lines signi-
fies extent of the profiles for a CGM mass within the al-
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Figure 1. Density, temperature and pressure profiles from different models are shown in the left (Isothermal (IT) and Isentropic
(IE)) and right (Precipitation (PP)) panels. IT model is shown for the cases of η = 0 (green, dashed) and 1 (green, solid)–the
density profiles coincide in these two cases, but with two different corresponding temperature and pressure profiles. The no-CR
(η = 0) profiles of PP model is shown with dashed red, and those for η = 1 red solid, η = 20 (orange), η = 100 (pink). The
profiles for IE model for αb = 1 (no-CR, dashed) and αb = 2 (solid) is shown in blue. Observational constraints are described
in detail in text.
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Figure 2. Variation of tcool/tff with PCR/Pth for different
boundary conditions in the precipitation model. The shaded
region indicates the allowed range for this ratio of two time
scales from cluster studies.
lowed range for η = 0 (or 1). The temperature decreases
when CR is included, but the density profile practically
remains the same, since the CGM mass is held a con-
stant. The temperature falls below the temperature of
the photoionized gas (104 K) in case of η ≥ 200 for
this model, hence we only consider η ≤ 200 in case of
isothermal model.
In the precipitation model (Voit 2019), the ratio of
cooling time to free-fall time (tcool/tff) is assumed to be
uniform throughout the halo. The underlying idea is
that heating and cooling of CGM is regulated in such a
manner to keep this ratio at an optimum range. If the
ratio becomes too small, cooling would dominate, which
would usher in more star formation and stellar feedback
would start heating CGM and it would increase the ra-
tio. If the ratio is too large, then reduced feedback would
decrease heating, ultimately to pave way for cooling and
a reduction of the ratio. The boundary condition used
by Voit (2019) is such that the temperature (Tbc) at
r200 is kTbc = 0.25µmpv
2
c,max. We use the cooling func-
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tion (ΛN) of cloudy, for a metallicity of Z = 0.3Z.
The total CGM mass in this model for this metallicity
is ≈ 6× 1010 M, and we use the same value here. We
keep the temperature at the outer boundary (Tbc, at
r200) fixed for a particular case when CR is included.
Hence the gas temperature in the inner region drops,
which increases the cooling rate, and consequently, in
order to maintain the same gas mass, the ratio tcool/tff
has to be decreased. According to the simulations for
gas in galaxy clusters and massive ellipticals, the opti-
mum range of this ratio is believed to be 5–20 (Voit et al.
2018). This means that the outer boundary temperature
can be varied within a small range, so that this condition
is satisfied. We found this range to be 1.1×106–1.7×106
K, as shown in Fig. 2. If the boundary temperature is
larger (smaller) than this range, then tcool/tff becomes
larger than ≈ 20 (smaller than ≈ 5). We have also in-
cluded an additional pressure due to turbulence as in the
isentropic model, which is described below, and studied
its effect on our final results.
The corresponding density, temperature and pressure
profiles for PP model are shown in Fig. 1 with dashed
red (η = 0), solid red (η = 1), orange (η = 20) and pink
(η = 100) lines. The boundary temperature used for
this plot is 1.1 × 106 K. The curves show that with an
increasing presence of CR, the temperature drops in the
inner region, as has also been noted in the simulations
of Ji et al. (2019) (their Fig. 5).
Recently Faerman et al. (2019) have described an
‘isentropic’ model of the CGM, in which entropy is held
a constant in the halo. They include three components
in their description of pressure: (a) thermal gas (b) non-
thermal gas (magnetic field and CR) and (c) turbulence.
They characterise turbulence by a fixed σturb ≈ 60 km
s−1, and define a parameter α(r) = (Pnth + Pth)/Pth.
They fixed the boundary condition with the help of the
value of α at the outer boundary (r200), αb, and varied
its value between 1 (no non-thermal component) and
3 (equipartition of thermal, magnetic and CR compo-
nents). In this model, the ratio α(r) drops from its
boundary value (αb) in the inner region.
In addition to the density and temperature profiles of
these three models, with and without CR, we also show
a few observational constraints on density and tempera-
ture in Fig. 1 : (a) OVII and OVIII observations (Miller
& Bregman 2015), (b) CMB/X-ray stacking (Singh et al.
2018), (c) limits on density (assuming a temperature
of 2.2 × 106 K from ram pressure stripping of LMC
(Salem et al. 2015), Carina, Sextans (Gatto et al. 2013),
Fornax, Sculptor (Grcevich & Putman 2009),(d) pres-
sure equilibrium of high-velocity clouds (assuming the
above mentioned temperature) (Putman et al. 2012),
and Magellanic stream (Stanimirovic´ et al. 2002). The
observed temperature profile (Das et al. 2020) of a L∗
galaxy NGC 3221 is shown for comparison along with
the profiles used here. These constraints show that the
density profiles including a CR component are reason-
able, although there remains uncertainty regarding the
temperature profiles.
3. GAMMA-RAY BACKGROUND RADIATION
Once the density and temperature profiles for these
models are calculated, we determine the γ-ray flux re-
sulting due to the hadronic interaction between CR pro-
tons and CGM protons. We use the prescription of Der-
mer’s model (Dermer 1986; Pfrommer & Enßlin 2004)
for these calculations. The γ-ray flux can be estimated
using the source function q˜γ which when multiplied by
the number density of target nuclei (nCGM), CR energy
density (CR) and photon energy (Eγ), gives the photon
energy per unit time from a particular volume element.
The diffuse flux at the MW center in units of erg cm−2
s−1 sr−1 is then given by
Jγ =
∫ rvir
rin
4pir2 dr
1
4pir2
[
nCGM(r) cr(r) Eγ
q˜γ(Eγ)
4pi
]
.
(1)
The omnidirectional source function q˜γ is given as,
q˜γ =

σppc
(
Epi0
GeV
)−ζγ [( 2Eγ
Epi0
)δγ
+
(
2Eγ
Epi0
)−δγ]−ζγ/δγ
ξζγ−2
(
3ζγ
4
)
Ep
2(ζp−1)
(
Ep
GeV
)1−ζp
β(
ζp−2
2 ,
3−ζp
2 )
 .
(2)
Here ξ = 2 is the multiplicity factor, Ep and Epi0 are the
rest mass energy of protons and pions (pi0), ζp and ζγ
are the spectral indices of the incident CR protons and
emitted γ-ray photons respectively, δγ = 0.14ζ
−1.6
γ +0.44
is the spectral shape parameter and σpp = 32(0.96 +
e4.4−2.4ζγ ) mbarn (see Equations (8), (19)-(21) in Pfrom-
mer & Enßlin 2004). We use ζp = ζγ = 2.3 in our cal-
culations following the spectral fit of Ackermann et al.
(2015).
CR electrons can also produce GeV γ-ray flux by
boosting CMB photons via inverse Compton scattering.
Such electrons will have TeV range energy. The inverse
Compton loss time scale of these high energy electrons
is short, tcomp ≈ 1.2 Myr (GeV/Eγ)1/2 where Eγ is the
scattered γ-ray energy. In light of this short time scale,
we do not consider leptonic process here.
We show a typical spectrum of the γ-ray flux from the
CGM as an inset in Fig. 3, for the precipitation model,
with η = 230 for Tbc = 1.1× 106 K and compare it with
the data of Ackermann et al. (2015) for high Galactic
latitude. We choose the energy band of 3.2–4.5 GeV
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Figure 3. Left panel shows the variation of gamma ray flux at 3.85 GeV with PCR/Pth for different models and boundary
conditions. The black horizontal line shows the observed flux (Ackermann et al. 2015) at Eγ = 3.85 GeV. The case of IT model
is shown with a green shaded region, and PP model with red solid lines (Tbc = 1.1 × 106 K), dashed lines (Tbc = 1.1 × 106
K, with turbulence) and dotted lines (Tbc = 1.7 × 106 K). The inset shows a typical spectrum, for the case of PP model (red
solid line) with η = 230, which satisfies the observed flux spectrum. Right panel shows the corresponding intensity map in
Galactic coordinates for η = 0.5 and η = 230, made with the angular resolution (0.6◦) of Fermi-LAT (Atwood et al. 2009), and
in which the dotted line demarcates the region of Fermi Bubble (Su et al. 2010). It also shows that the anisotropy decreases
with increasing value of η due to the flattening of the density profile in the inner region of the CGM.
as a representative band for our comparison of model
fluxes with observations since the Fermi-LAT spectral
fit of IGRB with index −2.3 fits well the data in this
band. We then compute fluxes at the midpoint of this
band 3.85 GeV for different models and compare with
observed flux in the band. We fix the lower limit (rin) of
integration in eqn. 1, and neglect the contribution below
1 kpc, where the disk contribution would dominate.
The γ-ray flux scales as CRn ∝ (η × n2T ), An in-
crease in η suppresses the thermal pressure, so the re-
sultant flux depends on the competition between η and
n2T terms. If the decrease in thermal pressure hap-
pens mainly through the suppression of temperature,
then the flux will increase with increasing η, and if it
happens through a decrease in both density and tem-
perature, then the trend would be opposite. This will
help us to understand the effect of CR in different CGM
models.
For the isothermal model, the more CR there is in
CGM, the lower is the gas temperature, but the density
profile remains approximately unchanged. This makes
the γ-ray flux increase with the increase in η. For higher
values of η (i.e. η & 1) the curve flattens because the
increase in η is compensated by the decrease in tem-
perature (flux ∝ ηT for IT model). Comparing with the
IGRB flux, we find an upper limit of η . 1, for the above
mentioned range of CGM mass in isothermal model.
The case of PP model is interesting, since the den-
sity profile is coupled to the temperature and cooling
function by n ∝ T (r) 32 /ΛN(T (r)).
• When η is increased from zero, the temperature is
still in a range where the cooling function has a
plateau, and the density profile therefore does not
decrease much. This makes the γ-ray flux increase
with η.
• However, for η ≥ 1, the temperature is suppressed
to the extent that it is in the steep region of
the cooling function, and density declines, which
makes the γ-ray flux to decline as well.
• Again, when η  10, and when the gas tempera-
ture decreases so much that the density and pres-
sure profiles become almost flat, then any further
increase in η does not decrease the density pro-
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file and only increases the CR population, thereby
increasing the γ-ray flux again.
Fig. 3 shows that the precipitation model allows η . 230
from IGRB constraint. Though a small range of values
near η ≈ 1 for Tbc = 1.1 × 106 K without turbulence
(solid red line in Fig. 3) is beyond the observed upper
limit of IGRB flux, we do not consider it to be significant
since the flux decreases for other choice of boundary
conditions and inclusion of turbulence.
The isentropic model has to be dealt separately, since
their model already predicts a non-thermal component
in its profile. In order to put a limit, we have not in-
cluded any magnetic pressure and assume PCR = Pnth
as their model does not allow equipartition of magnetic
field in the inner region of halo for the αb < 4, and cal-
culate the corresponding γ-ray flux at 3.85 GeV, as a
function of the boundary value (αb) of their model. We
find that in the purview of the isentropic model, the γ-
ray flux never exceeds the Fermi-LAT data, and at the
most has a value ∼ 10% of the flux as this model does
not admit a CR dominated CGM in inner region of halo.
The above calculation refers to the intensity at MW
center, which will be modified by the off-center position
of the solar system. We show in Fig. 3 two simulated
maps in Galactic coordinates for γ-ray intensity at 3.85
GeV for η = 0.5 and η = 230 of precipitation model,
made with Fermi-LAT angular resolution of 0.6◦ at 1
GeV, and in which we have marked the region of Fermi
Bubble by dashed curve. The ratio of rms fluctuation
(for b > 30◦) to mean intensity is ≈ 0.02, for η = 230,
and ≈ 0.45 for η = 0.5. This indicates that anisotropy
decreases with the increase in η since density and tem-
perature profiles gradually flatten out with increasing η.
We also calculate the rms fluctuation in case of isother-
mal model for η = 0.5 to be 0.38 times mean inten-
sity which is less than the calculated fluctuation in case
of precipitation for same value of η. From the angular
power spectrum of IGRB (Cuoco et al. 2012), we can
estimate the rms fluctuation by
√
(ΣCl), where Cl is
dominated by fluctuations at the smallest multipole of
l = 30, and is ≈ 10−2 times the mean intensity. There-
fore, the expected anisotropy for the range of η consid-
ered here is larger than the observed variation across
the sky, and anisotropy can also be used to rule out CR
dominated CGM models, although a detailed anisotropy
analysis is beyond the scope of this Letter.
4. SYNCHROTRON RADIATION
CR electrons radiate synchrotron emission in the pres-
ence of magnetic field. We assume an equipartition mag-
netic field in the CGM for our calculation, since its value
is still a debatable issue. We take the fiducial value of
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shows the same for isothermal model for the range of CGM
mass mentioned in the text. The horizontal black line is
the brightness temperature from the halo model of Subrah-
manyan & Cowsik (2013).
the ratio of CR electrons to protons energy to be 0.01.
Its value is rather uncertain, both theoretically and ob-
servationally. From observations in the Solar system, at
CR energy ∼ 10 GeV, where solar modulation effects
are low, the ratio is known to be 1%.
We assume that the CR electrons have a power-law
energy distribution, with the same power-law index ζp
as for protons. The observed radio spectrum has an in-
dex of −0.599± 0.036 (Table 6 of Fixsen et al. (2011)),
which would imply ζp ∼ 2.2 which is not very different
from our assumed value. The corresponding radio flux
can be calculated using the emissivity (eqn. 6.36 of Ry-
bicki & Lightman (2004)) and then performing a similar
integral as in the case of γ-ray flux. Finally the bright-
ness temperature is calculated at 1.4 GHz, in order to
compare with observations.
As explained earlier, Subrahmanyan & Cowsik (2013)
devised a model of the MW synchrotron emitting halo in
such a way as to explain the observed radio background
towards the Galactic pole, by ARCADE-2. The purpose
of the model of Subrahmanyan & Cowsik (2013) was to
maximally explain the radio observations with the help
of MW halo. This particular model, therefore, gives the
maximum possible radio continuum emission that can
be attributed to MW halo, and becomes useful for our
purpose of putting limits on CR electrons in CGM.
We show the comparison of synchrotron flux from dif-
ferent models as a function of η, with the observed limit,
in Fig. 4. The trends of radio flux with η are different
from the case of γ-ray, because here the magnetic field
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is pegged to the thermal pressure. We find that in the
isothermal model all values of η are allowed. Although
in the precipitation model only η . 400 keeps the bright-
ness temperature within limit.
The magnetic field in different models range between
(0.2–10)µG (from outer to inner regions), for η = 1.
For higher values of η the range would be lower. The
synchrotron loss time of electrons (responsible for ra-
diating at 1.4 GHz, with energy ≈ 17.4B−1/2µG GeV) is
≈ 700 MyrB−3/2µG . The diffusion time scale for the CR
electrons to cross 50 kpc radius is ≈ 630 MyrE−1/3GeV ≈
243 Myr B
−1/6
µG . For low values of η (η ∼ 1) most of the
contribution to the radio flux comes from within 50 kpc,
hence a spectral break at 1.4 GHz is not expected for
lower value of η. For higher values of η (η ∼ 100) a
spectral break at 1.4 GHz will appear at ∼ 2 Gyr (syn-
chrotron loss time) when CR diffuses beyond ∼ 150 kpc
from where half of the radio emission occurs. This will
decrease the radio flux for large η, which should be noted
with regard to our limits on η above.
5. DISCUSSIONS
The variations of radio and γ-ray fluxes with η for
different boundary conditions in Fig. 3 and 4 show that
our constraints are rather robust. We also show the
result of inclusion of turbulence support in the CGM
(red dashed lines), which indicate, again, the robustness
of our constraints. However, it is possible that non-
linear processes such as CR streaming instability may
change the density profile (Ruszkowski et al. 2017) and
change the conclusions.
We note that the γ-ray and radio flux, hence the limit
of η, depend on CGM gas mass. A 10% increase (de-
crease) in CGM mass would result . 30% increase (de-
crease) in both the fluxes.
The limit on CR electrons through synchrotron
emission depends on the assumption of equipartition
strength of magnetic field. If the magnetic field strength
were to be a fraction ψ of the equipartition value, then
the synchrotron flux would scale as ∝ ψ(ζp+1)/2. For
ψ = 0.1, e.g, the flux would decrease by a factor 0.02,
for ζp = 2.3 considered here, thereby making the syn-
chrotron limits on η practically irrelevant.
6. SUMMARY
We have pointed out that IGRB and radio continuum
background can act as important checks for models that
populate CGM with a significant amount of CR. Us-
ing various density and temperature profiles from liter-
ature we have shown that γ-ray background constrains
the CR pressure to be less than the thermal pressure in
the isothermal model of CGM, while in the precipitation
model, it allows η(≡ PCR/Pth) . 230. Limits from radio
background (η . 400 for precipitation model) are rather
weak in comparison. We also show that anisotropy in
γ−ray flux due to the off-center position of solar-system
would decrease with the increase in the value of η and
it is higher than the observed fluctuation even for the
highest value of η that can satisfy the flux limit. There-
fore anisotropy can also be used to constrain the CR
population in CGM and needs to be studied in detail in
future.
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